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RESULTS OF EXPERIMENTS RELATED TO CONTACT OF MINE-SPOILS 

WATER WITH COAL, WEST DECKER AND BIG SKY MINES, 

SOUTHEASTERN MONTANA

By 

Robert E. Davis and Kent A. Dodge

ABSTRACT

Batch-mixing experiments using spoils water and coal from the West 
Decker and Big Sky Mines were conducted to determine possible chemical 
changes in water moving from coal-mine spoils through a coal aquifer. The 
spoils water was combined with air-dried and oven-dried chunks of coal and 
air-dried and oven-dried crushed coal at a 1:1 weight ratio, mixed for 2 
hours, and separated after a total contact time of 24 hours. The dis- 
solved-solids concentration in water used in the experiments decreased an 
average 210 milligrams per liter, or about 5 to 10 percent. Other chemi 
cal changes include general decreases in the concentrations of magnesium, 
potassium, and bicarbonate, and general increases in the concentrations of 
barium and boron. In general, the magnitude of the changes increased as 
the surface area of the coal increased. The quantity of extractable cat 
ions and exchangeable cations on the post-mixing coal was larger than on 
the pre-mixing coal. Equilibrium and mass-transfer relations indicate 
that adsorption reactions or ion-exchange and precipitation reactions, or 
both, probably are the major reactions responsible for the chemical changes 
observed in the experiments.

INTRODUCTION

Coal-mining activities in southeastern Montana continue in response to nation 
al energy needs. Near-surface coal beds in the Tongue River Member of the Paleo- 
cene Fort Union Formation are the object of the mining activities. These coal beds 
also are major aquifers in the area and are used primarily for domestic and live 
stock supplies. Mining of the coal beds eliminates the coal aquifers, but replace 
ment of the disturbed overburden, or mine spoils, creates a new aquifer.

Water in the mine-spoils aquifers characteristically has larger dissolved- 
solids concentrations than water in the coal aquifers. A previous study (Davis, 
1984) demonstrated that the average increase in dissolved solids at the West Decker 
and Big Sky Mines (fig. 1) was about 1,000 mg/L (milligrams per liter). That 
study also showed that the dissolved-solids concentration may decrease several hun 
dred milligrams per liter if water from the spoils flows through a coal aquifer. 
However, detailed analyses to determine the changes in chemical quality were not 
performed.
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Figure 1. Location of West Decker and Big Sky Mines.



Purpose and scope

The purpose of this study was to determine possible changes in chemical quali 
ty in water moving from coal-mine spoils through a coal aquifer. Spoils water and 
coal from the West Decker and Big Sky Mines were used in batch-mixing experiments. 
Both the water and the coal were analyzed for chemical constituents prior to and 
after the experiments. Equilibrium and mass-transfer relations were used to help 
determine the reactions possibly responsible for the observed changes in water 
quality.
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SAMPLE DESIGNATION

In this report, letters and numbers are used to designate the source and treat 
ment of the water and coal samples. Pre-mixing water samples are identified by 
three letters followed by a sequential number. The first letter signifies the sam 
ple is water (W) and is followed by two letters signifying the source of the water 
(WD for West Decker Mine spoils, BS for Big Sky Mine spoils). The letters are fol 
lowed by a sequential sample number. Thus, sample WWD1 is water from the West 
Decker Mine spoils and is the first sample analyzed. Post-mixing water samples are 
identified by six letters. The first letter signifies the sample is water (W); the 
second letter signifies the source of coal used (A for Anderson-Dietz 1 coal bed, R 
for Rosebud coal bed); the third and fourth letters signify the source of water 
used (WD for West Decker Mine spoils, BS for Big Sky Mine spoils); and the fifth 
and sixth letters signify the treatment the coal received prior to mixing (A for 
air dried, 0 for oven dried, B for chunks, C for crushed). Thus, sample WAWDAB is 
water resulting from mixing Anderson-Dietz 1 coal with water from the West Decker 
Mine spoils; the coal used was air dried and in chunks prior to mixing.

Pre-mixing coal samples are identified by four letters. The first letter sig 
nifies the sample is coal (C); the second letter signifies the source of coal (A for 
Anderson-Dietz 1 coal bed, R for Rosebud coal bed); and the third and fourth letters 
signify the treatment the coal received (A for air dried, 0 for oven dried, C for 
crushed). Thus, sample CAAC is coal from the Anderson-Dietz 1 coal bed that has 
been air dried and crushed. Post-mixing coal samples are identified by six letters. 
The first and second letters signify the sample is coal and indicate the source of 
coal as above. The third and fourth letters signify the source of water used (WD 
for West Decker Mine spoils, BS for Big Sky Mine spoils) and the fifth and sixth 
letters signify the treatment the coal received prior to mixing as above. Thus, 
sample CAWDAC is coal from the Anderson-Dietz 1 coal bed that has been mixed with 
water from the West Decker Mine spoils; the coal was air dried and crushed prior 
to mixing.

METHOD OF STUDY AND EXPERIMENT DESIGN

Water used in the experiments was obtained from a well completed in the spoils 
aquifer at the West Decker Mine (samples WWD1 and WWD2, tables 1 and 2) and from a



well completed in the spoils aquifer at the Big Sky Mine (samples WBS1 and WBS2, 
tables 1 and 2). Coal was obtained from areas recently mined within each mine.

Batch-mixing experiments were conducted to estimate changes in ground-water 
quality that may occur when water from a spoils aquifer flows through a coal aqui
fer. Spoils water and coal were combined at a 1:1 weight ratio and mixed for about
2 hours. Mixing was accomplished by affixing the,mixture bottles, which were com 
pletely filled to exclude oxygen, to a vertical wheel 3 feet in diameter and rotat 
ing at 3 revolutions per minute. The mixtures thpn were allowed to settle and the 
water and coal were separated by decanting after a total contact time of about 24 
hours.

Both the water and the coal were analyzed prior to and after the mixing experi 
ments. The water was filtered sequentially through 0.45- and 0.10-micrometer (mi- 
cton) filters, except for samples WAWDAC and WAWDOC (tables 1 and 2), which could 
only be filtered through a 0.45-micrometer filter. The filtrate was analyzed by 
the Montana Bureau of Mines and Geology, Butte, Mont. The coal was analyzed for 
chemical constituents (in ashed coal) by the U.S. Geological Survey laboratory, 
Denver, Colo.; for extractable cations and exchangeable cations by the Montana 
Bureau of Mines and Geology using procedures in Sjandoval and Power (1977); and for 
mineralogy by X-ray diffraction analysis of the residue from low-temperature ashing 
by the U.S. Geological Survey, Reston, Va.

The coal received various treatments prior to the experiments. Initially, the 
coal was in chunks approximately 1 inch on a side. Some of the chunky coal was air 
dried at room temperature (about 25° C) and some was oven dried at about 40° C. 
Drying time was about 24 hours. The dried coal was used to determine the effects 
on the experiments of the natural moisture content of the coal, which ranges from 
about 20 to 30 percent (Matson and Blumer, 1973, p. 78). Some of the coal was
crushed into pieces about one-fourth inch or less 
used to determine the effects on the experiments 
The surface area of the crushed coal was four or
face area of the initial chunks of coal, 
and some was oven dried.

on a side. The crushed coal was
of the surface area of the coal.
more times greater than the sur-

Some of the crushed coal was air dried

Computer program WATEQF (Plummer and others, 1978) was used to determine 
equilibrium relations in water used in the experiments. The program can determine 
from a water-quality analysis the degree of saturation of the water with respect to 
a given mineral species. The degree of saturation is expressed by the saturation 
index, which is the logarithm of the ratio of the ion activity product to the equi 
librium constant. Positive values of the saturation index indicate supersaturation, 
negative values indicate undersaturation, and values near zero indicate saturation.

Mass-transfer relations were used to help determine which reactions may have 
occurred as a result of mixing. The number of millimoles per liter of selected 
constituents added to or subtracted from solution as a result of mixing were calcu 
lated.

RESULTS OF EXPERIMENTS

Concentrations of selected constituents in pre-mixing water and post-mixing 
water for batch-mixing experiments using combinations of chunky, crushed, air-dried, 
and oven-dried coal are given in tables 1 and 2. For the experiments using mate-



rials from the West Decker Mine, the post-mixing water generally decreased in the 
concentrations of calcium, magnesium, sodium, potassium, bicarbonate, sulfate, dis 
solved solids, manganese, strontium, and zinc, and increased in the concentrations 
of barium and boron. For the experiments using materials from the Big Sky Mine, 
the post-mixing water generally decreased in the concentrations of magnesium, po 
tassium, bicarbonate, and dissolved solids and increased in the concentrations of 
barium, boron, and strontium.

In general, the water from experiments using crushed coal exhibited greater 
changes than water from experiments using chunks of coal, indicating that the sur 
face area of coal in contact with the water probably is an important factor. For 
all experiments using crushed coal, the decrease in dissolved solids ranged from 
120 to 340 mg/L and averaged 250 mg/L. For all batch-mixing experiments using 
chunks of coal, the decrease in dissolved-solids concentration ranged from 50 to 
270 mg/L and averaged 180 mg/L. The average decrease in dissolved solids for all 
experiments was 210 mg/L, or about 5 to 10 percent.

Relations between water from mixtures using air-dried coal and oven-dried coal 
were varied. Therefore, the effect of the natural moisture content of the coal on 
the experiment results could not be determined.

The analyses for chemical constituents in the ashed coal were subject to inter 
ferences by sulfur in the analytical procedure. Therefore, no results were received 
from the laboratory, owing to a large degree of inaccuracy or uncertainty.

The results of the analyses for extractable cations and exchangeable cations 
(table 3) in crushed coal from both the West Decker and Big Sky Mines indicate that 
the post-mixing coal generally contained greater quantities of extractable and ex 
changeable cations than the pre-mixing coal. Therefore, if the analysis results 
are representative of actual conditions, the reactions which occurred in the mixing 
experiments resulted in deposition, exchange, or adsorption of some constituents 
onto the coal. This hypothesis also is supported by the larger differences in con 
stituent and dissolved-solids concentrations observed in experiments using crushed 
coal, which had more surface area exposed to the reaction process.

The results of the X-ray diffraction analyses of ash from pre-mixing and post- 
mixing, air-dried and oven-dried coal from both mines were similar for all samples. 
The ash contained quartz, gamma calcium sulfate (a high-temperature polymorph of 
anhydrite), kaolinite, illite, and possibly a trace of feldspar (Daniel M. Webster, 
U.S. Geological Survey, written commun., 1984). The similarity of all the samples 
indicates that any mineral precipitated on the post-mixing coal probably occurred 
as one of the minerals listed above or that the quantity of any other mineral pre 
cipitated was not substantial enough to be detected.

Saturation indices from WATEQF for water used in the batch-mixing experiments 
are given in table 4. For the experiments using materials from the West Decker 
Mine, the pre-mixing and post-mixing waters generally were near saturation with 
respect to quartz, calcite, aragonite, dolomite, magnesite, strontianite, and 
barite and generally undersaturated with respect to gypsum, anhydrite, celestite, 
and halite. The post-mixing water generally showed a lesser degree of saturation 
than the pre-mixing water with respect to the carbonate minerals calcite, aragonite, 
dolomite, magnesite, and strontianite and a greater degree of saturation with re 
spect to barite. Similarly, the post-mixing water showed a greater degree of under- 
saturation with respect to the sulfate minerals gypsum, anhydrite, and celestite.



The degree of saturation with respect to quartz and the degree of undersaturation 
with respect to halite remained essentially unchanged.

For the experiments using materials from the Big Sky Mine, the pre-mixing and
post-mixing waters generally were near saturation
bonate minerals, the sulfate minerals, and the feldspar adularia; undersaturated 
with respect to halite and the feldspars albite and anorthite; and supersaturated
with respect to kaolinite. The post-mixing water

with respect to quartz, the ear-

generally showed a lesser degree
of saturation than the pre-mixing water with respect to calcite, aragonite, dolo 
mite, magnesite, strontianite, adularia, and kaolinite and a greater degree of 
saturation with respect to celestite and barite. 
showed a greater degree of undersaturation with [ respect to albite and anorthite. 
The degree of saturation with respect to quartz and the degree of undersaturation 
with respect to gypsum, anhydrite, and halite remained essentially unchanged.

Mass-transfer relations for water from the batch-mixing experiments are given 
in table 5. For the experiments using materials from the West Decker Mine, the ob 
served changes probably result from adsorption reactions or ion-exchange and pre 
cipitation reactions, or both. A possible sequence of reactions, particularly for 
the experiments using crushed coal, could include exchange of sodium ions in solu 
tion for calcium ions from the coal. To maintain equilibrium, the increase in cal 
cium ions in solution would be offset by precipitation of calcite, resulting in a 
relatively large decrease in the concentration of bicarbonate ions in solution and 
a relatively small net change of calcium ions in solution. Because magnesium car 
bonate minerals do not readily precipitate from solution, the observed decreases in 
the concentration of magnesium ions would probably result from exchange in a manner 
similar to sodium or from adsorption. Barium ions could be involved in a manner 
similar to calcium ions except that barite would precipitate, resulting in a de 
crease in the concentration of sulfate ions in solution. The amount of calcite and 
barite precipitated would be too small to be detected by X-ray diffraction analysis 
of the post-mixing coal.

For the experiments using materials from the Big Sky Mine, the observed changes
also probably result from adsorption reactions cr ion-exchange and precipitation 
reactions, or both. However, the constituents and minerals probably involved are 
different than for the West Decker Mine. A possible sequence of reactions could 
include exchange of magnesium ions in solution for calcium ions from the coal. To 
maintain equilibrium, the increase of calcium ions in solution would be offset by 
precipitation of calcite and, for some experiments, gypsum. The result would be a 
relatively large decrease in bicarbonate ions in solution, a decrease for some ex 
periments in sulfate ions, and a relatively small net change of calcium ions in so 
lution. Because magnesium carbonate minerals do not readily precipitate from solu 
tion, the observed decreases in the concentration of magnesium ions probably would 
be due solely to exchange or adsorption reactions. Strontium ions could be in 
volved in a manner similar to calcium ions. The amount of calcite and any stron 
tium minerals precipitated would be too small to be detected by X-ray diffraction 
analysis of the post-mixing coal.

CONCLUSIONS

Batch-mixing experiments using spoils water and coal from the West Decker and 
Big Sky Mines demonstrate that water moving from coal-mine spoils through a coal 
aquifer probably would undergo changes in chemical quality. The dissolved-solids



concentration in water used in the experiments decreased an average 210 mg/L, or 
about 5 to 10 percent. Other chemical changes include general decreases in the con 
centrations of magnesium, potassium, and bicarbonate and general increases in the 
concentrations of barium and boron. Changes in concentrations of calcium, sodium, 
sulfate, manganese, strontium, and zinc were variable. In general, the magnitude 
of the changes increased as the surface area of the coal increased.

The amounts of extractable cations and exchangeable cations in the post-mixing 
coal were larger than in the pre-mixing coal. The differences also increased as 
the surface area of the coal increased, signifying that ion exchange or adsorption 
probably was an important factor in the observed water-quality changes.

X-ray diffraction analyses of residue from low-temperature ashing of coal indi 
cate the major minerals to be quartz, a polymorph of anhydrite (gamma calcium sul 
fate), kaolinite, illite, and possibly a trace of feldspar. Water used in the ex 
periments generally was near saturation with respect to quartz, carbonate minerals, 
and barite. Water from the Big Sky Mine was also near saturation with respect to 
gypsum, anhydrite, and celestite whereas water from the West Decker Mine was under- 
saturated with respect to those minerals.

Mass-transfer relationships, coupled with the equilibrium relationships, indi 
cate that adsorption reactions or ion-exchange and precipitation of calcite, or 
both, probably are the major reactions responsible for the chemical changes observed 
in the experiments. Precipitation of gypsum is also a possible major reaction for 
some mixtures using materials from the Big Sky Mine.
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Table 1 .- - Comnon-const i tuent concentrations in 
using materials from the West De cker

ter from batch-mixing experiments 
and Big Sky Mines

[Constituents are dissolved and concentrations are rep< 
were filtered through a 0 . 1 0-m icrometer filter, exce 
Bureau of Mines and Geology. Source of water: SBS, i 
West Decker Mine. Source of coal: A-Dz1 , combined i 
coal bed. Coal treatment: A, air dried; 0, oven dr: 
inch on a side; Cr , crushed to about one-fourth inc 

tnicrosiemens , micros iemens per centimeter at 25° Cels:

Sample
desig
nation

West Decker

*WWD1
WAWDAB
WAWDOP

!WWD2
2 WAWDAC
2 WAWDOC

Big Sky Mine

!WBS1
WRBSAB
WRBSOB

!WBS2
WRBSAC
WRBSOC

Date

Mine

04-03-84
04-04-84
04-04-84

04-10-84
04-10-84
04-10-84

03-15-84
03-15-84
03-15-84

03-30-84
03-29-84
03-30-84

Source
of

water

SWD
SWD
SWD

SWD
SWD
SWD

SBS
SBS
SBS

SBS
SBS
SBS

Source
of

coal

___
A-Dz1
A-Dz1

A-Dz1
A-Dz1

___
R
R

...
R
R

Coal
treat
ment

A, Ch
0, Ch

A, Cr
0, Cr

    _

A, Ch
0, Ch

...
A, Cr
0, Cr

Mix 
ing 

ratic 
by 

weigh

)rted in milligrams per liter. Samples 
3t as indicated. Analyses by Montana 
spoils at Rig Sky Mine; SWD, spoils at 
^nderson-Di etz 1 coal bed; R, Rosebud 
.ed at 40° Celsius; Ch , chunks about 1 
"i or less on a side. Abbreviations: 
us; °C , degrees Celsius; <, less than]

On s i t e 
spe 
cific 

) con 
duct- 

It ance
(watei: (micro-
coal)

1:3
1:]

Siemens)

3,610
3,450
3,350

3,610
1 :1 3^050
1:1 3,020

4,490
1:1 4,340
1:1 4,360

--- 4,490
1:1 4,160
1 :1 4,230

On- 
site
PH

(units)

7.42
7.55
7.50

7.81
7.21
7.33

7.17
6.82
6.82

7.52
6.85
6.98

Temper
ature(°c)

24.9
24.5
24.5

24.3
24.4
24.7

24.5
24.5
24.0

24.4
24.3
24.7

Cal
cium
(Ca)

21
12
10

22
9.2
9.1

410
410
410

390
430
420

ipre-mixing sample.
2 Filtered through 0.45-micrometer filter only.



Mag 
ne 

sium 
(Mg)

7.9
4.6
3.9

8.1
3.5
3.5

440
400
390

430
350
370

Sodium 
(Na)

830
800
820

890
760
760

210
210
210

200
200
210

Potas 
sium 

(K)

7
6
7

8
6
6

15
13
13

15
12
13

On- 
s ite 

bicar 
bonate 
(HC0 3 )

1,600
1 ,660
1,590

1 ,800
1 ,320
1 ,290

730
560
520

710
360
350

On- 
site 

carbo 
nate 

(C0 3 )

0
0
0

0
0
0

0
0
0

0
0
0

Sul- 
fate 

(S0 4 )

660
480
660

700
660
670

2,700
2,600
2,400

2,500
2,500
2,600

Chlo 
ride 
(Cl)

9.6
6.6

11

6.0
6.3
6.2

14
15
16

16
16
16

Fluo- 
r ide 
(F)

<1
<1
<1

2.1
<1
<1

5.3
5.5
7.2

.3

.3

.3

Silica 
(Si0 2 )

12
12
12

12
12
13

12
12
13

12
14
14

Dis 
solved 
solids , 
calcu 
lated

2,260
2,080
2,210

2,400
2,060
2,060

4,100
3,900
3,830

3,950
3,740
3,830



Table 2 .- -Trace-element concentrations in water from batch-mixing experiments using 
materials from the West Decker and Big Sky Mines

[Constituents are dissolved and concentrations are reported in micrograms per liter. Samples
were filtered through a 0.10-micrometer filter, exceot as indicated. Analyses by Montana
Bureau of Mines and Geology. Source of water: SBS, spoils at Big Sky Mine; SWD, spoils at

West Decker Mine. Source of coal: A-Dz1, combined Anderson-Dietz 1 coal bed; R, Rosebud coal
bed. Coal treatment: A, air dried; 0, oven dried at 40° Celsius; Ch, chunks about 1 inch on
a side; Cr, crushed to about one-fourth inch or less on a side. Abbreviation: <, less than]

Sample 
desig 
nation Date

Source 
of 

water

Source 
of 

coal

Mixing 
ratio 

by 
Coal weight 
treat- (water: 
ment coal)

Alum i- 
num 
(Al)

Barium Boron 
(Ba) (B)

Cad 
mium 
(Cd)

Chro 
mium 
(Cr)

West Decker Mine

*WWD1
WAWDAB
WAWDOB

*WWD2
2WAWDAC
2 WAWDOC

04-03-84
04-04-84
04-04-84

04-10-84
04-10-84
04-10-84

SWD
SWD
SWD

SWD
SWD
SWD

___
A-Dz1
A-Dz1

A-Dz1
A-Dz1

_
A,
o,

A,
o,

_ _ _ _ _ . <30
Ch 1:1 <30
Ch 1:1 <30

<30
Cr 1:1 <30
Cr 1:1

Big Sky Mine

!WBS1
WRBSAB
WRBSOB

!WBS2
WRBSAC
WRBSOC

03-15-84
03-15-84
03-15-84

03-30-84
03-29-84
03-30-84

SBS
SBS
SBS

SBS
SBS
SBS

R
R

R
R

A,
o,

A,
o,

<30

--- 100
Ch 1:1 90
Ch 1:1 100

<30
Cr 1:1
Cr 1:1

!pre-raixing sample.
2 Filtered through 0 ,45-raicrometer filter only.

100
100

20
290
240

60
150
140

30
40
50

30
40
50

90
100
160

1 10
320
320

400
700
730

80
1 ,200
1 ,100

2
<2
2

<2
2

<2

4
<2
2

2
4
4

<2
2

<2

<2
<2
<2

20
20
20

10
10
20

10



Cop
per
(Cu)

Iron
(Fe)

Lead
(Pb)

Li thium
(Li)

Manga
nese
(Mn)

Molyb
denum
(Mo)

Nickel
(Ni)

Silver
(Ag)

Stron-
t ium
(Sr)

Tita
nium
(Ti)

Zinc
(Zn)

Zirco
nium
(Zr)

<4 <2 <40 200 50 120 <10 <2 1,000 6 30 <4
<2 <2 -- 220 3 <20 <10 <2 830 <1 <3 <4

2 3 <40 200 3 <20 <10 <2 680 <1 9 <4

35 6 <40 220 23 <20 <10 <2 1,000 <1 50 <4
<2 20 <40 170 3 <20 <10 <2 590 <1 4 <4
<2 4 <40 170 4 20 <10 <2 580 <1 9 <4

77 20 110 60 320 40 30 13 9,500 40 10 10
66 20 120 60 370 <20 10 6 19,600 40 10 10
71 20 130 60 370 <20 10 12 21,700 40 8 20

52 10 <40 50 3 <20 20 <2 9,800 40 6 <4
58 50 <40 50 420 <20 10 <2 26,600 50 20 <4
62 30 <40 60 360 <20 20 4 26,600 50 10 5

11



Table 3.--Results of chemical analyses of coal used in batch-mixing experiments

[Analyses by Montana Bureau of Mines and Geology. 
Big Sky Mine; SWD, spoils at West Decker Mine.
Anderson-Dietz 1 coal bed; R, Rosebud coal bed.
oven dried at 40° Celsius; Cr, crushed to about

Abbreviation: meq/100 g, milliequiv

>
ra 

Sample Coal w

[ixing 
tio by 
eight

desig- Source Source treat- (w,ater:
nation of water of coal ment coal)

Extract- 
able 

cations
(meq/
100 g)

Exchange 
able 

cations
(meq/
100 g)

Source of water: SBS, spoils at 
Source of coal: A-Dzl, combined

Coal treatment: A, air dried; 0, 
one-fourth inch or less on a side, 

lents per 100 grams]

West Decker Mine-

1 CAAC    

CAWDAC SWD

1 CAOC    
CAWDOC SWD

A-Dzl 
A-Dzl

A-Dzl 
A-Dzl

A, Cr 
A, Cr

0, Cr 
0, Cr

1:1

1:1

14.4
12.2

11.2
15.2

26.1
30.4

22.9
33.2

Big Sky Mine

1

1

CRAG    R A, Cr
CRBSAC SBS R A, Cr

CROC    R 0, Cr
CRBSOC SBS R 0, Cr

14.4 34.5
1:1 25.0 41.8

14.9 43.0
1:1 17.7 36.4

Pre-mixing sample.
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Table 4 begins on next page
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Table 4.- -Sa tura tion indices from WATEQF for water from batch-mixing experiments

[Samples were filtered through a 0 .1 O-ID icrometer 
coal: A-Dz1, combined Anderson-Dietz coal bed at Wes

filter except as indicated. Source of 
t Decker Mine; R, Rosebud coal bed at

Big Sky Mine. Coal 
1 inch on

Sample 
desig 
nation

West Decker

1 WWD1 
WAWDAB 
WAWDOB

2 WAWDOC

Source 
of coal

Mine

A-Dzl 
A-Dz1

A-Ds1 
A-Dz1

treatment 
a side; Cr

Coal 
treat 
ment

A, Ch 
0, Ch

A, Cr 
0, Cr

: A, air 
, crushed

dried; 0, oven d 
to about one-fo

Saturation index wi

Quartz 
(Si0 2 )

0.31 
.32 
.32

.32 

.32 

.35

Ara| 
Calcite ni 
(CaC03) (CaC(

0.14 0.( 
.06 .(

-.11 -.;

ried 
arth

at 40° Celsius; 
inch or less on

Ch, chunks 
a side]

about

th respect to indicated mineral

go- 
te
^3)

)0 
)8
) c

.56 .42 
-.50 -.64 
-.39 -.53

Do lomite 
[CaMg(C0 3 ) 2 ]

0.23 
.08 

-.26

1 .06 
-1.05 
-.83

Magne- 
site 

(MgC0 3 )

-0.28 
-.35 
-.52

.13 
-.92 
-.80

Stron- 
tianite 
(SrC03>

-0.80 
-.70 
-.89

-.38 
-1.31 
-1.21

Big Sky Mine

iWBSi 
WRBSAB 
WRB30B

1 WBB2 
WRB3AC 
WRBSOC

R 
R

R 
R

A, Ch 
0, Cr

A, Cr 
0, Cr

.32 

.32 

.36

.32 

.39 

.39

.66 

.21 .( 

.19 .(

12 
>7 
)4

.98 .84 

.08 -.06 

.19 .04

1 .73 
.79 
.72

2.38
.45 
.70

.70 

.21 

.17

1 .03 
.00 
.14

-.63 
-.77 
-.74

-.27 
-.78 
-.67

ipre-mixing sample.
2 Filtered through 0.45-micrometer filter only.
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Saturation Index with respect to indicated mineral

Gypsum Anhy- Celes-
(CaSOA* drite tite Barite Albite Anorthite Adularia Kaolinite Halite
2H2 0) (CaS04 ) (SrS04 ) (BaS04 ) (NaAlSi3 08 ) (CaAl 2 Si208 ) (KAlSi3 08) [Al2 Si205 (OH)4 ] (NaCl)

-1.69 -1.91 -1.44 0.29    --- ---    -6.77
-2.03 -2.25 -1.61 1.35 --- --- --- --- -6.94
-2.00 -2.23 -1.60 1.39 ---    ---    -6.71

-1.68 -1.90 -1.44 .78 --- --- --- --- -6.94
-2.01 -2.24 -1.64 1.21 --- --- --- --- -6.98
-2.01 -2.23 -1.64 1.18 --- --- --- --- -6.99

 .13 -.36 - .24 .79 -1.09 -2.42 0.10 3.46 -7.25
 .13 -.35 .08 .91 -2.29 -4.81 -1.16 1.75 -7.21
 .15 -.38 .11 .99 -2.48 -5.35 -1.34 1.23 -7.18

.17 -.39 - .24 .76 --- ---    --- -7.21
 .10 -.33 .21 .91 -.84 -2.11 .28 4.37 -7.20
 .11 -.33 .22 1.01 -.72 -1.91 .40 4.30 -7.18
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Table 5 .--Mass-transfer relations for water from batch-mixing experiments

[Source of coal: A-Dz1, combined Anderson-Dietz 1 coal bed 
A, air dried; 0, oven dried at 40° Celsius; 
on a side; Cr, crushed to about one-fourth

; R, Rosebud coal bed. Coal treatment 
Hh, chunks about 1 inch 
inch or less on a side]

Millimoles pebr liter of indicated constituent 
added to solution i(positive) or subtracted from solution

Pre-mixing 
s( ample 

designation 
and source

West Decker
Mine

WWD1
(spoils)

WWD1
(spoils)

WWD2
(spoils)

toWD2
(spoils)

Big Sky 
Mine

WBS1
(spoils)

WB|SI
(spoils)

WBS2
(spoils)

WBS2
(spoils)

Post- 
mixing 
sample Source Coal 
desig- of treat- 
nation coal ment

WAWDAB A-Dz1 A, Ch

WAWDOB A-Dzl 0, Ch

WAWDAC A-Dz1 A, Cr

WAWDOC A-Dz1 0, Cr

WRBSAB R A, Ch

WRBSOB R 0, Ch

WRBSAC R A, Cr

WRBSOC R 0, Cr

(negat

Cal- Mag- So- Po 
cium nesium dium s:

ive)

tas- 
Lum

-0.22 -0.14 -1.3 -0.03

-.27 -.16 -.44 .00

-.32 -.19 -5.7

-.32 -.19 -5.7

.00 -1.6 .00

.00 -2.1 .00

1.0 -3.3 .00

05

05

05

05

08

.75 -2.5 .44 -J05

as a result of mixing

Bicar- Sul- Chlo- Bar- 
bonate fate ride ium

0.98 -1.9 -0.08 0.002

-.16 .00 .04 .002

-7.87 -.42 .01 .001

-8.36 -.31 .01 .001

-2.79 -1.0 .03 .000

-3.44 -3.1 .06 .000

-5.74 .00 .00 .000

-5.90 1.0 .00 .000

Stron 
tium

-0.002

-.004

-.005

-.005

.1 15

.139

.1 92

.192

'GPO692-890 (1986)
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